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1 . 0 INTRODUCTION 


Over  the  past  three  years  TRACOR  ' s System  Technology 
Division  scientists  and  engineers  have  been  engaged  in  counter- 
measures  susceptibility.,  studies  for  several  sonar  systems.  In 
addition,  STD  personnel  have  conducted  studies  pertaining  to  the 
effects  of  mutual  interference  (MI)  for  two  surface  ship  sonar 
systems.  This  work  is  usually  composed  of  three  parts  which  are 
( a ) definition  of  the  interference  environment,  (b)  determination 
of  susceptibility,  and  (c)  design  of  counter-countermeasures  or 
anti-MI  fixes.  Generally,  the  methods  used  to  determine  the 
effects  of  interference,  whether  countermeasures  of  mutual  inter- 
ference, are  one  or  a combination  of  the  following: 


a 
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1)  mathematical  analysis, 

2)  computer  simulation,  and 

3)  psychophysical  experimentation. 
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Our  ^efforts  have  included  such  sonars  as  the  AN/SQQ-23 
(PAIR),  the  AN/SQS-26  AX,  BX  and  CX,  and  the  AN/BQR-2  DIMUS #which 
collectively  encompass  the  following  receiving  subsystems.  ^ 

V 

1)  Serial  DIMUS  (Passive  Search)  \ 

2)  PADLOC  (Passive  Search) 

3)  Sector  Scan  Indicator  (Active  Track) 

4)  Scanned  PPI  (Active  Search) 

5)  Wave  period  processor  (Active  search) 

6)  Linear  replica  correlators  (Active  Search) 

7)  Comb  filter  bank/OR-gate  (High  Doppler  Active  Search) 

8)  Preformed  beam/energy  detectors  (Active  Search) 
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The  first  step  in  these  studies,  prior  to  any  analytical 
effort,  is  to  become  familiar  with  the  acoustic  countermeasures 
capability  of  the  U.  S.  Navy  and  (to  the  extent  that  our 

intelligence  estimates  will  permit)  the  enemy  countermeasures  threat. 
This  type  of  activity  is  required  so  it  will  be  possible  to  define 
a realistic  countermeasures  threat  for  the  U.  S.  sonar  systems 
under  examination. 


The  third  element  of  our  approach  to  treating  the 
countermeasures  problem  is  the  consideration  of  possible  counter- 
countermeasures  which  would  serve  to  reduce  the  performance 
degradation.  In  the  case  of  the  mutual  interference  problem, 
where  we  have  control  over  both  the  source  of  interference  as 
well  as  the  victim, we  have  recommended  to  the  Navy  numerous 
design  guidelines  and  modifications  to  both  the  sonar  transmitter 
and  receiving  subsystems  which,  if  implemented,  would  reduce  the 
severity  of  the  interference  problem. 

Counter-countermeasures  and  mutual  interference  reduc- 
tion have  been  approached  primarily  from  the  standpoint  of  hardware 
modifications.  However,  we  have  also  given  attention  to  the  areas 
of  operating  doctrine  and  operator  training  since  both  of  these 
can  serve  to  reduce  the  effects  of  both  countermeasures  and  mutual 
interference . 


In  the  remaining  part  of  this  description  we  will 
describe  the  methods  that  are  used  to  assess  the  effects  of  both 
acoustic  countermeasures  and  mutual  interference. 
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2.0  TECHNICAL  APPROACH 


As  mentioned  previously,  our  method  of  approach  is 
generally  composed  of  one  or  a combination  of  mathematical  analy- 
sis, computer  simulation  and  psychophysical  studies  based  on 
observer-display  experiments.  These  three  approaches  will  be 
described  here.  But  first  let  us  examine  what  we  wish  to 
determine  regarding  either  countermeasures  susceptibility  or 
mutual  interference  effects. 


Basically  what  we  are  after  is  a quantitative  measure 
of  the  degree  to  which  the  performance  of  each  sonar  receiver  is 
degraded  by  the  presence  of  either  countermeasures  or  mutual 
interference.  Specifically,  if  the  function  of  the  receiver  is 
detection,  then  under  normal  conditions  (i.e.,  no  interference) 
there  will  be  some  target- to-sonar  range  at  which  detection  may 
t>e  said  to  occur.  (This  is  often  taken  to  be  the  target  range  at 
which  the  signal-plus-noise  will  mark  the  display  with  a specified 
probability  given  that  the  clutter  marking  probability  is  fixed  at 
a specified  value.)  Let  us  call  this  range  R^N  to  denote  that  this 
is  the  detection  range  under  normal  conditions.  This  then,  is  a 
measure  of  the  performance  of  the  receiver  under  some  specified 
set  of  "normal  environmental  conditions"  such  as  layer  depth,  sea 
state,  target  strength,  etc. 

When  interference  of  a continuous  type  is  introduced 
into  the  environment,  the  effect  is  to  increase  the  background 
level  against  which  the  target  echo  must  be  detected.  Thus,  to 
restore  the  probability  of  detection  to  the  original  specified 
value,  the  target  signal  level  must  be  increased.  This  requires 
that  the  target  be  moved  to  a closer  range.  Once  this  range  is 
attained,  the  signal- to-background  ratio  is  sufficient  to  give 
the  required  detection  probability.  The  target  range  at  which 
this  occurs  is  called  R^j  to  denote  that  this  is  the  detection 
range  under  jammer  (or  interference)  conditions. 
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The  degree  to  which  receiver  performance  is  degraded  by 
interference  is  defined  to  be  This  ratio  can  vary  from 

unity,  when  R^j  = R^,  to  zero,  when  rDj=0-  RDJ^RDN  dePenc*s  on 
several  factors,  two  of  the  most  important  ones  being  the  range 
of  the  jamming  (interference)  source,  Rj,  jammer-to- target  relative 
bearing  angle  0^.  Thus,  by  determining  the  ratio  rdj/rdn  for 
various  values  of  Rj  and  0jT  it  is  possible  to  obtain  a quantita- 
tive assessment  of  the  performance  degradation  due  to  jamming. 

Such  an  assessment  is  shown  in  Fig.  1.  Within  the  envelope  shown 
in  this  figure  one  can  expect  to  find  what  the  performance  of  the 
search  receiver  would  be  for  any  relative  bearing  angle  between 
the  jammer  and  target  since  the  boundaries  of  the  envelope  represent 
the  maximum  and  minimum  degradations  that  would  hold  for  each  jammer 
range . 


In  fact  this  method  of  measuring  performance  degradation 
can  be  applied  to  receiving  systems  whose  functions  are  localiza- 
tion, tracking,  or  classification.  For  example,  in  a tracking 
receiver,  all  that  we  have  to  do  is  specify  (by  analysis)  the 
target  range  required  for  signal- to-noise  ratio  to  be  large 

enough  to  give  the  required  tracking  accuracy  with  a specified 

■>v 

probability.  The  introduction  of  interference  or  jamming  into 
the  background  will  require  a higher  signal  power  for  the  same 
tracking  accuracy  and  hence  a closer  target  range.  Hence  we  can 
plot  versus  Rj  with  0j^,  as  a parameter. 


This  is  actually  only  one  of  several  ways  of  defining 
performance  and  measuring  the  decrease  in  performance  due  to 
continuous  countermeasures  or  mutual  interference.  Another 
approach  that  we  have  taken  is  to  measure  the  increased  time 


Tracking  errors  are  random  variables  and  hence  are  described 
by  probability  distributions.  It  is  thus  required  that  in  addi- 
tion to  stating  a tracking  accuracy,  one  must  specify  the  proba- 
bility that  this  accuracy  will  be  achieved. 
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FIG.  1 - PERFORMANCE  DEGRADATION  FOR  SEARCH  RECEIVER  DUE  TO  JAMMING 


required  to  detect.  This  can  done  for  active  systems  in  terms  of 
the  number  of  extra  ping  cycles  required,  or  in  the  case  of  passive 
systems  in  terms  of  the  increased  number  of  updates  required  for 
detection.  The  three  methods  of  arriving  at  these  performance 
assessments  are  discussed  next. 


! 


I 


2 . 1 Mathematical  Analysis 

When  it  is  possible  to  analyze  performance  this  is  usually 
the  least  expensive  route  to  take.  An  example  will  suffice  to 
demonstrate  this  approach. 

Consider  an  active  search  receiver  whose  output  has  been 
or  can  be  mathematically  modelled.  This  model  allows  us  to  gen- 
erate a family  of  curves  which  are  actually  the  complements  of  the 
distribution  functions  at  the  receiver  output  for  various  signal- 
to-noise  ratios.  Such  a family  is  shown  in  Fig.  2.  With  these 
curves  it  is  possible  to  find  the  signal- to-noise  ratio  at  the 
beamformer  output  (S/N)q  that  is  required  to  give,  say,  a 0.50 
probability  of  "detection"  (signal-plus-noise  marking)  for  the 
clutter  probability,  Pc,  that  is  specified  for  the  display.  This 
is  shown  by  the  dashed  lines,  the  vertical  one  of  which  is  the 
required  threshold.  The  signal-plus-noise  curve  that  crosses  this 
threshold  at  0.5  corresponds  to  required  signal- to-noise  ratio  for 
detection,  or  alternatively  the  signal- to-noise  ratio  required  to 
produce  the  display  mark(s)  that  the  operator  requires  before  he 
will  call  a detection. 

The  next  step  is  to  obtain  a band  level  plot  such  as  the 
one  shown  in  Fig.  3.  This  group  of  band  level  power  plots  shows 
the  composite  background  without  jamming  (reverberation-plus-self 
noise)  and  the  composite  background  with  the  jammer  at  one  range 


The  latter  approach  allows  a calculation  of  the  cumulative 
probability  of  detection  as  a function  of  time. 
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PROBABILITY  OF  EXCEEDING  THRESHOLD  VERSUS  THRESHOLD 


LEVEL  PLOTS  SHOWING  METHOD  OF  DETERMINING  DETECTION  RANGE 
WITH  AND  WITHOUT  JAMMING 


(reverberation- plus  - self  noise -plus -j amming) . The  target  level 
is  also  shown,  as  are  the  minimum  detectable  levels  which  are  the 
power  levels  relative  to  the  composite  background  levels  required 


| for  detection  as  determined  from  curves  such  as  those  shown  in  Fig. 2. 

[ From  these  curves  we  find  the  quantities  RDN  and  RQj  for  each  Rj 

’ and  0Tj  of  interest  to  us . 

j 

t 2.2  Simulation 

— 

Often  it  is  not  possible  to  obtain  a mathematical  descrip- 
tion of  the  receiver  output.  In  such  cases  it  is  necessary  to 
conduct  a simulation  wherein  the  sonar  receiver  is  implemented  in 
the  digital  computer  and  self-noise,  plus  jamming  signal,  plus 
target  signal  are  input  to  the  simulation.  The  receiver  output 
is  then  analyzed  statistically  in  order  to  obtain  estimates  of  the 
curves  shown  in  Fig.  2.  For  this  purpose  TRACOR  has  a computer 
software  system  known  as  TIMFAX.  A description  of  this  system  is 
given  in  the  Appendix.  It  should  be  noted  that  this  system  in- 
cludes so  called  black  boxes  which  provide  simulations  of  virtu- 
ally every  active  sonar  signal  processor  in  use  by  the  U.S.  Navy  as 
well  as  simulations  of  several  systems  which  are  under  development. 
l.  These  developmental  models  include  a highly  sophisticated  model  of 

the  serial  DIMUS  which  permits  the  treatment  of  any  type  of  plane 
; wave  noise  field  whose  spectral  characteristics  can  be  specified. 

Moreover,  this  model  is  designed  to  produce  outputs  which  can  be 
presented  on  a CRT  BTR  display  for  the  purpose  of  conducting 
observer  studies. 


rsical  Studies 


TRACOR  has  measured  the  effect  of  acoustic  interference 
signals  on  the  detectability  of  targets  in  a set  of  psychophysical 
experiments  using  simulated  active  sonar  video  displays.  The  work 
produced  significant  new  information  concerning  the  design  of  sonar 
systems  and  the  response  of  men  to  sonar  signal  stimuli. 
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( The  measurement  program  began  by  first  generating  a large 

amount  of  simulated  sonar  data  containing  various  types  of  inter- 
ference in  carefully  controlled  and  known  amounts.  The  data  also 
contained  noise  (clutter)  and  submarine  target  signals  having  a 
variety  of  known  characteristics.  These  data  were  presented  to  a 
group  of  8 trained  human  observers  on  CRT  displays  in  A-scan,  B- 
scan,  and  PPI  formats.  Display  presentations  were  made  to  resemble 
almost  exactly  those  found  on  the  AN/SQS-26  CX  sonar.  When  observers 
viewed  the  data  they  were  required  to  respond  regarding  their 
confidence  that  a target  was  (or  was  not)  present.  Responses  were 
collected  and  analyzed  in  a variety  of  ways.  Specific  experimental 
measurements  of  interference  effects  were  obtained.  The  experi- 
mental results  were  compared  with  interference  effects  that  were 
predicted  analytically  using  the  w approach."  In  general  the  two 
results  were  in  excellent  agreement.  A very  interesting  and  useful 
by-product  of  this  research  was  the  determination  of  the  detection- 
decision  criteria  that  this  set  of  8 observers  appeared  to  be  using 
to  call  targets  in  the  three  types  of  display  formats. 

Data  Generation 

Sonar  data  used  in  the  experiments  were  generated  by 
TRACOR  on  the  UNIVAC  1108  digital  computer  with  a set  of  specially 

VoV 

developed  programs.  These  programs  accept  prescribed  input 
parameters  that  characterize  any  given  operational  and  environ- 
mental condition  of  interest,  and  calculate  the  resulting  acoustic 
signals  in  amplitude,  frequency,  and  duration  that  would  be 
expected  to  exist  at  the  input  to  the  sonar  receiving  array  as  a 
function  of  time  for  a full  ping  cycle.  This  acoustic  data 
consisted  of  self-noise,  reverberation,  and  interference 
signals  from  up  to  five  other  active  sonars.  The  programs 


The  so-called  co  approach  is  an  analytical  method  of  predicting 
performance  degradation  due  to  mutual  interference.  This  procedure 
is  explained  fully  in  the  Appendix. 

'The  data  generation  described  is  for  an  active  sonar.  TRACOR 
has  also  conducted  extensive  psychophysical  experiments  on  various 
passive  sonar  displays. 
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, . then  performed  simulated  beamforming,  temporal  processing,  and 

thresholding  of  the  data  to  produce  a set  of  signals  that 
: represented  the  marks  that  should  be  made  on  a CRT  video  display, 

i To  the  background  clutter  and  interference  signals  were  added 

(when  desired)  the  marking  of  a randomly  varying  submarine  echo 
signal(s)  with  known  display  marking  statistics.  The  target 
position  and  amplitude  was  variable  from  ping  to  ping  to  allow 
} , simulation  of  a dynamic  encounter.  Typically,  data  were  generated 

to  present  24  consecutive  ping  cycles  of  an  encounter  to  the 
observers. 

! 

► 

I | The  sonar  characteristics  built  into  this  simulation 

: | were  those  of  the  AN/SQS-26  CX.  They  were  determined  from  extensive 

| i analysis  of  sea  data  obtained  with  earlier  models  of  the  AN/SQS-26 

I ; and  data  gathered  from  the  CX  barge  system. 


i 

A final  step  in  the  data  generation  process  was  the 
formating  into  either  an  A-scan,  B~scan,  or  PPI  presentation.  The 
i formated  data  were  then  stored  on  magnetic  tape  for  presentation  at 

a later  time  to  the  observers. 

Figure  4 gives  the  functional  block  diagram  of  the  data 
generation  for  the  case  of  an  AN/SQS-26  MI  study. 

Display  Equipment 

! 

r 


The  data  were  presented  to  four  observer  subjects 
simultaneously  on  four  standard  17"  black  and  white  television 
monitors  in  TRACOR* s Display  Research  Laboratory.  Sonar  data  were 
read  off  tape  by  an  electronic  control  unit  and  routed  to  a 4k  core 
memory  for  temporary  storage.  The  control  unit  was  synchronized 
with  the  television  monitors  in  such  a way  that  data  was  extracted 
from  temporary  storage,  amplified,  and  applied  to  the  TV  CRT's  to 
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write  a completed  video  picture  of  a full  ping  cycle  of  sonar 
data  in  the  desired  format.  The  CRT's  used  were  commercial 
equivalents  of  the  actual  shipboard  display  tubes.  A detailed 
description  of  this  display  facility  is  given  in  a separate 
volume  of  this  capabilities  series. 


Experimental  Procedure 


As  indicated  above,  the  sonar  data  presented  to  the 
observers  typically  consisted  of  24  consecutive  ping  cycles  of  an 
encounter.  The  target  signal,  when  present,  occurred  in  18  of  the 
24  pings.  Many  sets  of  data  contained  no  targets,  to  gather  false 
alarm  data  and  to  prevent  the  observers  from  becoming  super  alerted. 
When  presented  with  a set  of  data  the  observers  were  required  to 
respond  after  each  ping  cycle  concerning  his  confidence  that  a 
target  was  present.  A 4-point  rating  scale  response  was  employed, 
with  the  following  format: 

0  certain  no  target  present 

1  possible  target  present 

2  probable  target  present 

3  certain  target  present 
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Data  Analysis  and  Interpretation 


Automatic  data  reduction  programs  were  devised  to 
take  the  rated  responses  of  observers  and  to  calculate  curves  of 
average  cumulative  probability  of  detection  (at  a given  confidence 
level)  and  probability  of  false  alarm  versus  time  (or  ping  number) 
after  the  target  first  appeared.  By  comparing  the  curves  obtained 
with  various  types  and  amounts  of  interference  present  to  the  curves 
obtained  with  no  interference,  we  obtained  the  average  increased 
time  to  detect  a target  at  a specified  probability  and  confidence 
level  due  to  the  interference.  Similarly,  we  measured  the  reduced 
probability  of  detection  at  some  specified  time  after  the  target 
is  first  visible  on  the  display.  The  apparent  operator  detection 
decision  criteria  were  obtained  by  postulating  that  an  observer  calls 
a target  when  he  sees  at  least  X target  marks  of  a certain  bright- 
ness in  Y ping  cycles.  The  binomial  expansion  for  this  process 
was  used  to  determine  the  values  for  X and  Y which  produced  the 
best  fit  to  the  experimentally  determined  cumulative  probability 
of  detection  curves.  Examples  of  these  curves  (solid  lines)  and 
experimental  points  are  shown  in  Figs.  5 and  6. 


DETECTION  MODEL  DESCRIBED  IN  THE  TEXT  (U) 
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3.0  RELATED  EXPERIENCE 


TRACOR's  experience  falls  into  four  major  areas: 

(1)  sonar  countermeasures  susceptibility  studies,  (2)  sonar 
mutual  interference  studies,  (3)  ASW  systems  and  tactics  trade-off 
studies,  and  (4)  general  underwater  acoustics  research  and  develop- 
ment studies.  Some  specific  pieces  of  work  in  each  category  are 
briefly  described  below. 

1 . Sonar  Countermeasures  Susceptibility  Studies 

(a)  Under  NAVSHIPS  Contract  N00024-71-C-1356 , TRACOR 
defined  the  acoustic  CM  environment  that  is  likely  to  be  faced  by 
AN/SQS-26  equipped  destroyer  escorts  in  the  mid-1970's,  analyzed 
and  determined  the  susceptibility  of  the  AN/SQS-26  (with  certain 
proposed  major  modifications)  to  acoustic  countermeasures,  and 
recommended  design  changes  that  would  "harden"  the  sonar  against 
countermeasures.  Under  a mod  to  that  contract,  we  are  presently 
engaged  in  planning  a sea  test  program  to  further  investigate  the 
susceptibility  of  that  sonar  to  acoustic  countermeasures.  See 
TRACOR  Report  T71-AU-7014-S . 

(b)  Under  NUWC  Contract  N00123-67-C-2964 , TRACOR 
investigated  the  susceptibility  of  the  AN/SQQ-23  (PAIR)  sonar  to 
countermeasures  in  a study  similar  to  the  AN/SQS-26  project 
described  above.  See  TRACOR  Reports  68-711-S(R)  and  68-912-S. 

2 . Sonar  Mutual  Interference  Studies 

(a)  Under  NAVSHIPS  Contract  NObsr  95149,  TRACOR 
planned,  conducted,  and  analyzed  the  results  of  a three  ship  mutual 
interference  sea  test  of  the  AN/SQS-26  sonars  on  the  1040  class 
destroyer  escorts  to  determine  what  interference  was  present, 
what  was  causing  the  interference,  and  what  could  be  done  to 
minimize  or  eliminate  it.  See  TRACOR  Report  66-150-C. 
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(b)  Under  NAVSHIPS  Contract  NObsr  95149,  TRACOR 
analyzed  all  the  acoustic  devices  that  were  to  be  installed  on 
the  AGDE-1  (USS  GLOVER)  to  determine  the  expected  sensitivity 
of  the  sonars  to  intership  and  intraship  interference.  The  systems 
considered  were  the  AN/SQS-26  (active  and  passive  subsystems), 
PADLOC  passive  sonar,  AN/SQS-35  (variable  depth  sonar),  WQC-2 
(underwater  telephone) , UQN-1  depth  sounder) , T-MK6  and  NIXIE 
torpedo  countermeasures.  See  TRACOR  Report  69-866-C. 


(c)  Under  NAVSHIPS  Contract  N00024-69-C-1186 , TRACOR 
developed  a sumulation  of  the  AN/SQS-26  video  displays  and  a 
computer  program  to  drive  them  to  simulate  sonar  performance  in 
the  presence  of  interference.  Extensive  human  factors  experiments 
were  conducted  to  determine  experimentally  the  validity  of  the  cp 
method  for  quantifying  the  effects  of  interference  on  sonar 
performance.  See  TRACOR  Report  T70-AU-7193-C. 


(d)  Under  Contract  N00024-69-C-1186,  TRACOR  evaluated 
the  susceptibility  of  the  AN/SQS-26  to  interference  from  AN/SQQ-23 
(PAIR)  transmissions.  See  TRACOR  Report  T70-AU-7188-C. 


(e)  Under  NEL  Contract  N123(953) 54996A  the  suscepti- 
bility of  the  AN/SQQ-23  (PAIR)  to  intership  interference  was 
evaluated.  See  TRACOR  Report  66-635-C. 


3.  ASW  Systems  and  Tactics  Trade-off  Studies 

(a)  Under  NAVSHIPS  Contract  NObsr  95149,  we  used 
our  ASW  Engagement  Model  to  determine  the  cost  effectiveness  of  a 
number  of  proposed  design  changes  to  the  AN/SQS-26  sonar.  See 
TRACOR  Report  69-163-C. 


(b)  Under  NAVSHIPS  Contracts  N00024-69-C-11 80  and 
N00024-70-C-1130,  the  Engagement  Model  was  used  to  determine 
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recommendations  concerning  the  sonar  technology  areas  in  which 
improvement  would  produce  maximum  benefit  to  the  Navy's  submarine 
and  surface  ship  ASW  capabilities.  See  TRACOR  Reports  69-662-C 
and  T71-AU-7007 , Vol.  I. 


(c)  Under  NAVSHIPS  Contract  N00024-70-C-1062 , the 
Engagement  Model  was  used  to  determine  (1)  the  effects  of  inter- 
ship sonar  interference  on  the  overall  ASW  effectiveness  of  a 
multiship  force  of  destroyer  escorts,  (2)  recommendations  for 
certain  sonar  design  changes,  and  (3)  recommendations  for 
operating  doctrine  of  the  ships  and  sonars  to  maximize  effective- 
ness. See  TRACOR  Report  T71-AU-7018-C. 

(d)  Under  NAVSHIPS  Contract  N00024-70-C-1266 , the 
Engagement  Model  is  currently  being  used  to  assess  the  ASW  eff- 
tiveness  of  destroyer  escorts  equipped  with  both  the  AN/SQS-26 
and  AN/SQS-35(V)  sonars,  accounting  for  the  potential  mutual 
interference  problems,  and  developing  recommendations  for 
coordinated  sonar  operating  doctrine.  Report  is  not  yet  available. 

4 . Related  General  Studies 

(a)  Under  NAVSHIPS  Contracts  N00024-69-C-1080 , 
N00024-70-C-1163 , and  N00024-71-C-1126 , TRACOR  has  developed  a 
baseline  performance  manual  for  the  AN/BQQ-2  sonar  suite  consisting 
of  the  AN/BQS-6,  AN/BQS-13,  AN/BQR-7,  and  the  AN/BQQ-3  sonars.  See 
TRACOR  Reports  69-832-C  and  T70-AU-7486-C. 

(b)  Under  NAVSHIPS  Contract  N00024-69-C-1051 , 

TRACOR  developed  dynamic  detection  models  and  operator  detection 
decision  criteria  for  the  AN/BQR-2  and  AN/BQR-7  analog  systems. 

See  TRACOR  Report  69-296-C. 
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(c)  Under  Contract  N00024-67-C-1572 , tlio  AN/BQR-7 
was  analyzed  to  determine  the  performance  gains  obtainable  by 
DIMUSizing  the  * 7 ' s beamformer.  See  TRACOR  Report  67-582-S. 

(d)  Under  NAVSTIC  Contract  N600(63079) 65645 , 

TRACOR  analyzed  the  performance  of  a classified  foreign  sonar 
and  determined  certain  conclusions  regarding  the  current  enemy 
threat  characteristics.  Report  not  available. 

(e)  Under  NAVOCEANO  Contract  N62306-69-C-9164, 
TRACOR  investigated  techniques  for  processing  bottom  reflected 
signals  from  explosive  sources  in  support  of  the  Marine 
Geophysical  Survey.  See  TRACOR  Report  69-925-C. 

(f)  Under  NAVSHIPS  Contract  N00024-70-C-1146 , 
TRACOR  generated  the  technical  specification  for  a AN/BQR-2 
(DIMUS)  system,  and  under  Contract  N00024-71-C-1222  we  are  now  in 
the  process  of  revising  that  specification  to  reflect  the  results 
of  design  studies  and  updated  SSBN  threat  characteristics. 
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1.  THE  TIME AX  SIMULATION  PROGRAM 

1 . 1 INTRODUCTION 

Since  I960,  TRACOR  has  been  involved  in  the  development 
of  mathematical  models  and  simulation  techniques  for  the  physical 
processes  and  electronic  equipments  required  for  realistic  radar 
and  sonar  analytical  studies.  The  basic  tools  for  these  studies 
have  been  a large  scale  digital  computer  and  a general  purpose 
simulation  program.  The  simulation  program,  TIMFAX,  was  developed 
to  fit  the  needs  of  the  electronics  engineer  and  systems  analyst 
that  are  not  adequately  considered  in  the  programs  written  to 
evaluate  analog  computers  or  discrete  systems  simulations  programs 
such  as  GPSS.  TIMFAX  has  allowed  TRACOR  engineers  and  scientists 
an  easy  access  to  the  computational  capabilities  of  the  digital 
computer,  and  at  the  same  time  it  has  provided  a common  basis  for 
the  comparison  of  complex  systems. 

1.2  THE  TIMFAX  LANGUAGE 

Every  general  purpose  simulation  program  creates  a 
programing  language.  It  is  the  role  of  this  language  to  translate 
the  commands  of  the  user  to  instructions  that  control  the  operations 
of  the  computer.  The  language  effectively  serves  as  an  impedance 
matching  device.  By  this  we  mean  that  computers  execute  very  small 
steps  at  an  exceedingly  rapid  rate;  whereas,  the  users  think  in 
large  steps  at  a much  slower  rate.  For  example  FORTRAN  nearly 
models  the  arithmetic  expressions  used  in  numerical  scientific 
computation.  However,  the  computer  executes  many  simple  operations 
to  evaluate  one  FORTRAN  expression. 

Engineering  and  scientific  analysts  visualize  a system 
as  a complex  of  interconnected  subsystems.  The  subsystems  are 
further  divided  into  smaller  elementary  operations.  In  electronic 
systems,  these  smaller  units  are  sometimes  given  the  name  "Black 
Boxes,"  or  sometimes  they  are  given  names  in  common  usage,  such  as 
low  pass  filter.  The  interconnections  between  boxes  are  called 
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wiring  diagrams.  These  diagrams  represent  the  flow  of  information, 
current,  or  some  other  suitable  function  from  box  to  box. 

TIMFAX  uses  this  natural  language  of  the  analyst  to 
translate  the  system  block  diagram  into  a computer  program.  This 
involves  the  use  of  two  simple  types  of  simple  language  statements. 
They  are: 

1)  Configuration  Statements,  which  define  the  inter- 
connections among  the  functional  blocks  and  specify 
the  desired  functions. 

2)  Parameter  Statements,  which  associate  numerical 
constants  with  the  elements  to  particularize  Lheir 
functions . 

The  TIMFAX  block-oriented  input  language  has  many  advan- 
tages. Formost,  it  is  user  oriented,  and  requires  no  more  effort 
on  the  user  than  expressing  his  thoughts  in  a prescribed  fashion. 
Also,  the  user  can  modify  his  simulation  model  at  the  data  level 
by  changing  a few  cards  which  does  not  require  the  services  of  a 
professional  programmer.  Since  it  is  quite  easy  to  simulate  a 
complex  system  by  combining  a number  of  boxes  which  perform  elemen- 
tary operations,  it  is  practical  to  sub-partition  a system  model 
all  the  way  down  to  rectifiers.  The  amount  of  professional  pro- 
gramming labor  required  to  construct  these  boxes  is  quite  small. 

Also,  many  of  these  elementary  operations  are  common  to  most  systems. 
The  boxes  for  these  elementary  operations  can  be  stored  in  a library 
and  new  systems  can  be  simulated  quite  rapidly. 

Examples  of  TIMFAX  language  statements  will  be  shown  in 
a later  sec  Li on. 

1 . J TIMFAX  "BLACK  BOXES" 

As  noted  above,  the  TIMFAX  "black  boxes"  are  a col  It'd  ion 
of  subprograms  that  model  the  elementary  components  oL  electronic 
equipments.  In  the  present  TIMFAX  system,  these  subprograms  arc 
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written  mostly  in  FORTRAN  . Actually,  the  hosts  ore  FORTRAN 
Subroutines  with  a prescribed  arjunnent  list. 


The  subprograms  do  all  of  l lie  processing  of  tlata  that 
flows  through  the  system;  the  control  program  merely  links  them 
together  and  controls  the  flow  of  data.  The  programmer  writ  ing  a 
subprogram  needs  only  to  concern  himself  with  accurately  and 
efficiently  implementing  the  algorithm  of  the  hoses  intended 
operation.  The  "P>laek  Boxes"  prog, rams  are  written  to  he  genera!  I . 
applicable,  and,  thereby,  they  < an  be  collected  in  a library  and 
made  available  to  other  users.  The  numerical  constants  input  bv 
the  parameter  statement  s pecnl  iaris.es  l lie  operation  ui  earn  bos. 

For  example,  an  algorithm  used  to  simulate  an  ltd  low  pass  fi  Iter 
would  need  the  values  of  R(J  and  the  sampling  interval  . 

Along  with  the  boxes  used  to  model  components  of  the 
system,  a set  of  what  we  can  call  analysis  "Black  Boxes"  is 
included  in  the  library.  Boxes  of  this  sort  are  intended  to 
measure  desired  characteri.sl  i cs  at  one  or  more  points  within  the 
system  being  modi' led.  These  pros;  rams  are  analogous  to  t tie  various 
test  equipment  that  might  be  used  on  an  actual  system.  Kxampler  < » I 
the  analysis  boxes  are:  (I)  boxer;  which  compute  amplitud*  and 

frequency  statistics,  (?)  a box  which  computer,  s i p,na  I - t o- no  i >.< ■ 
ratios  at  any  point  , and  (1)  power  spectra  es  t 1 m.i  t o r s . 
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Boxes  which  compute  Lime  functions  lor  the  types  ol 
deterministic  and  random  signal;  iound  in  e 1 ec  t rnmagne  t i c and 
aeons  t i ca  I s\  stems  are  included  in  the  library.  Another  use  I u 1 
~et  which  expands  the  utility  of  the  program  are  boxes  that 
t r.::is  ter  data  in  and  out  of  the  system.  These  boxes  allow  T IMF  AX 
to  use  ini  1 k st  ' rage  devices  such  as  magnet i c l ape  , drums . and 
c.axl  that  are  pari  of  the  Fomputcr  Kquipmenl  eon  f igurat  ion . Also, 
c ■■ ■:  jie  r 1 , vn  t a i data  l hat  has  been  digit  i./.ed  can  be  input  to  the 
X le  ’ to  e V a 1 ll.lt  c the  system  model  . 
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1.4  TIMFAX  CONTROL  PROGRAM 

With  the  "Black  Box"  library  representing  on  the  shelf 
items  such  as  signal  generators,  system  components,  test  probes, 
and  output  display  devices,  the  control  program  acts  as  the  patch 
panel  that  hooks  all  of  this  together.  The  resulting  configuration 
is  known  as  a "topology." 

The  first  task  is  to  read  the  configuration  statements, 
syntax  check  them,  and  withdraw  the  needed  box  programs  from  the 
library.  The  control  program  then  forms  a set  of  instructions 
that  link  the  boxes  together  with  the  proper  input,  output,  and 
sequence  order. 

This  information  is  sent  to  the  second  part  of  the 
control  program  and  is  used,  in  effect,  to  build  a working  program. 
The  parameter  statements  are  read  at  this  time,  snytax  checked, 
and  stored  for  use  by  the.  subprograms.  During  the  run  execution 
the  control  program  monitors  the  run  and  manages  the  flow  of  data 
between  boxes.  All  data  in  and  out  of  the  working  program  as 
well  as  the  data  processing  is  done  by  the  subprograms. 

The  working  program  is  divided  into  control  sections 
that  can  be  used  to  perform  the  functions  of  initialization, 
processing,  and  summarizing. 

Two  types  of  data  are  processed  by  the  system;  they  are: 
(1)  Time  Function  Data,  actually  time  series,  and  (2)  Field  Data. 
These  data  types  are  distinguished  by  the  way  they  are  propagated 
through  the  configuration  model.  Time  function  data  is  an 
ordered  set  of  numerals  representing  recorded  or  computed  values 
at  discrete  intervals  of  time.  Theoretically,  the  size  of  the 
set  is  unlimited,  but  meaningful  results  can  be  obtained  using  a 
finite  sample  from  the  set.  Generally,  even  this  finite  set  is 
of  sufficient  length  to  require  processing  it  through  the  subpro- 
grams in  a series  of  sequential  segments.  1'he  ! i n i te  set  ol  data 

is  called  a record.  Any  number  of  records  comprise  a file.  Time 
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function  data  is  cycled  through  the  simulation  in  records.  A 
field  is  an  array  of  numbers  that  can  be  stored  in  the  computer 
memory  at  one  time.  The  entire  array  is  available  to  the  sub- 
program requesting  it.  This  ability  to  segment  a large  data  base 
and  keep  it  moving  sequentially  through  the  simulation  is  one  of 
the  outstanding  features  of  the  system. 
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2.  USES  OF  TIMFAX 

2.1  INTRODUCTION 

There  are  basically  two  uses  of  TIMFAX:  systems 
simulation  and  data  processing.  However,  these  two  areas  comprise 
the  majority  of  work  done  on  general  purpose  digital  computers. 

The  system  was  developed  originally  Lo  process  sonar  data  (ei  Liter 
digitized  recorded  data  or  idealized  computer-generated  data), 
but  it  is  equally  capable  of  processing  any  large  data  base  problem, 
which  can  be  digitized. 

2 . 2 SYSTEMS  SIMULATION 

The  widest  use  of  the  TIMFAX  system  has  been  in  sonar 
signal  processor  simulations.  In  this  case  the  black  boxes  model 
the  elementary  components  of  the  processor  and  the  topology  is 
the  circuit  diagram.  'The  flexibility  of  rearranging  the  components, 
or  boxes,  allows  many  schemes  to  be  compared  and  evaluated.  Using 
sea  data  as  an  input,  a processor  can  be  simulated  and  the  per- 
formance of  the  onboard  processor  can  be  estimated. 

Figure  1 shows  a time  function  analysis  problem  that  is  ' 

i 

easily  studied  using  TIMFAX.  White  Gaussian  noise  is  passed  - 

through  a band  pass  filter  and  then  rectified  several  different  j 

ways.  Each  output  is  then  analyzed  Lo  show  the  probability  density  j 

and  power  spectrum.  The  continuous  version  of  this  problem  is  j 

treated  in  many  books  on  stochastic  processes.  TIMFAX  has  been 
used  extensively  to  perform  analysis  on  classical  problems  or  i 

actual  data  from  the  fields  of  geophysics,  vibro-acoustics , , 

oceanography,  and  biomedics.  j 

! 

2 . 3 DATA  PROCESSING  j 

The  features  of  the  system  that  are  used  to  solve 
problems  in  time  series  analysis  can  also  be  used  to  do  the  diverse  > 

jobs  in  the  field  of  general  data  processing.  The  problems  in  | 

this  field  are  not  changes  in  the  data  base  but  daily  changes  in 
the-  type*  of  processing  that  is  requested.  Once-  a library  of  boxes 
is  established,  the  block  model  structure  of  TIMFAX  would  make  such 
changes  to  the  topology  simple  and  less  costly.  ' 
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3.  the  timfax  library 


There  are  currently  over  100  reentrant  subprograms  in 
the  black  box  library.  They  can  be  linked  together  in  many 
different  ways,  allowing  for  parallel,  serial,  and  feedback 
processing  of  input  data.  It  is  noteworthy  that  the  subprograms 
have  been  written  with  an  eye  to  the  most  recent  techniques  for 
achieving  increased  computational  speed  and/or  efficiency.  For 
example  the  Cooley-Tukey  "Fast  Fourier-Transform"  algorithm  is 
used  in  a number  of  boxes.  The  majority  of  these  programs  were 
developed  for  time  series  applications , but  some,  such  as  the 
Input/Output  routines,  could  immediately  be  used  in  other  areas. 

Attached  to  this  document  is  a set  of  abstracts  of  the 
current  boxes  in  the  library  file. 
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ABSTRACT 

A method  for  computing  a quantitative  measure  of  the  interference 
caused  by  the  transmission  of  one  or  more  active  son;ir  systems  into 
the  receiver  of  another  system  has  been  developed.  This  measure  is 
designated  the  average  fraction  of  a sonaT  display  in  interference 
and  unavailable  for  operator  use.  The  quantity  <p  is  related  to  the  deg- 
radation in  the  following  sonar  performance  measures:  (1)  the  proba- 
bility that  a target  echo  marks  the  display,  (2)  the  observer  integration 
time  required  for  detection  in  multi-ping  sequence s,  and  (3)  the  equiva- 
lent signal-to-noise  ratio  degradation.  The  applicability  of  for  as- 
sessing performance  degradation  into  passive  receivers  is  discussed 
briefly. 


BACKGROUND 

Mutual  Interference  is  interference  which  occurs  in  one  sonar  because  of  transmissions 
from  other  sonars  operating  in  the  same  area  or  from  own  ship. 

Mutual  Interference,  capable  of  degrading  the  performance  of  a sonar  system,  occurs  pri- 
marily in  multi-ship  screening  operations  when  one  or  more  sonar  systems  utilizing  the  same 
frequency  band  must  be  in  operation  simultaneously.  Such  interference  has  always  been  a 
major  cause  of  performance  degradation.  Degradation  caused  by  mutual  interference  hae  in- 
creased because  of  the  increased  sensitivity,  i.e.,  lower  minimum  detectable  level,  (MDL),  of 
many  of  the  recently  developed  sonar  systems.  This  increased  sensitivity  allows  heretofore 
rejected,  unimportant  transmissions  outside  the  passband  of  one  sonar  to  cause  performance 
degrading  interference  in  another  sonar.  This  additional  degrading  interference  results  from 
that  portion  of  the  signal  power  of  an  offending  transmission  that  lies  in  the  passband  of  the 
receiver. 

That  mutual  interference  of  either  type  occurs  is  readily  understood  when  one  considers 
that  an  interfering  transmission  from  one  sonar  system  to  another  need  suffer  only  a one-way 
propagation  loss  as  opposed  to  a legitimate  target  echo  which  is  subject  to  a two-'vay  propaga- 
tion Joss.  Generally,  the  separation  of  two  sonar  systems  is  less  than  t lie  range  of  an  expected 
target;  thus,  the  chance  that  even  an  off-band  interfering  signal  is  larger  than  a legitimate  (ar- 
ret echo  is  rather  high.  In  order  lo  maintain  acceptable  performance,  a sonar  receiver  must 
attenuate  these  interfering  transmissions  such  that  it  marks  their  display  witii  considerably 
lower  probability  than  that  of  an  expected  target  echo. 

Anotiier  example  of  of f-band  transmissions,  causing  performance-degrading  interference 
into  a sonar  system,  is  seen  in  the  implementation  of  multi-sonar  suites  on  the  same  ship. 

For  example,  on  a single  ship,  there  may  be  an  active  search  sonar,  a passive  search  sonar, 
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a tli  ptli  s.i Hindi m,  sonar,  :t mi  .in  underwater  i I'lt'jitioin ■ . In  lids  case  mutual  inter ieix-nee  caused 
by  a variety  id  transmissions  mint  one's  own  ship  ran  occur . 

Inli'i  li  ring  signals  arriving  al  a receiving  array  with  sulliriert  Wei  to  cause  he  grading 
Intel  tcri-nce  consist  of  dirert  arrivals,  specular  reflection  arrivals  via  me  ocean  bottom,'"  and 
rumble  (i.e.,  Iii -static  rcverlicralion)  arrivals.  These  inforler -1114  signals  may  degrade  per- 
forniaiiee  111  any  one  of  three  ways:  display  marking,  display  blanking,  or  AGC  blanking. 

Display  marking  occurs  wtien  interfering  signal  levels  ai  the  inpul  10  the  display  are  high 
enough  lo  exceed  the  marking  threshold.  The  marking  length  (referred  to  later  in  the  paper  as 
) is  that  length  of  time  the  signal  is  greater  than  the  marking  threshold,  converted  to  display 
range. 

Display  or  receiver  blanking  may  occur  whenever  a c lipped  signal  processor  in  subjected 
to  high  level  pulses  ot  a different  code  than  that  which  the  processor  is  coded  to  process  (o.g., 
a iw  pulse  111I0  a clipped  correlator  coded  to  process  an  KM  slide).  The  output  of  I lie  proces- 
sor for  an  unmatched  pulse  may  noi  m;irk  the  display,  but  Uus  iniuialcht.d  pulse  appears  lo  the 
colic-rent  processor  as  a high  level  background  pulse  and  therefore  masks  or  "blanks"  any 
legitimate  simultaneous  target  echo  which  would  have  marked  the  display. 

AG C blanking  may  occ  ur  in  any  processor  as  a result  of  reaction  of  the  AGC  to  interfering 
art  ivals  that  are  long  with  respect  to  the  AGC  time  constant  (e.g.,  rumble  arrivals).  Humble 
arrivals  are  not  exceptionally  high  level,  but  their  duration  and  slow  variation  permit  the  AGC 
to  toLlow  them  and  to  achieve  some  degree  of  normalization  at  the  output  of  the  processor.  As 
the  AGC  attenuates  the  rumble  arrival  to  some  equilibrium  output  level,  simultaneously  arriv- 
ing targe  t echoes  arc  also  attenuated  and  their  output  signal-to-threshold  ratios  are  corre- 
spondingly reduced. 

The  quantitative  measure  of  mutual  interference  should  be  judged  in  terms  ot  its  effect 
upon  a scalar  display  bemuse  it  is  at  this  point  where  the  output  data  are  passed  on  to  the  ob- 
server. The  primary  effect  of  flic-  interference  is  lo  put  the  display  in  a condition  in  which  it 
is  unable  to  transler  data  to  flu-  observer,  in  effect  this  is  time  in  which  the  sonar  is  not  op- 
erating. This  paper  is  aimed  at  assessing  these  display  effects  numerically  and  subsequently 
using  these  numerical  values  to  determine  the  degradation  in  sonar  performance  measures. 

Historically,  mutual  interference  studies  have  fallen  short  of  this  kind  of  assessment  until 
the  works  of  Urown,'  Kostoff,"-  and  Gullatt. ' Previous  studies  usually  consisted  of  calculating 
the  levels  of  interfering  transmissions  at  a receiver  array  and  comparing  them  to  the  MOD, 
established  for  the  processor  associated  with  the  receiver,  to  dec  ide  whether  interference  ef- 
fects should  occur.  The  primary  shortcoming  of  this  approach  is  in  neglecting  the  effect  01  the 
processor  on  the  interlering  signal.  In  general,  there  will  be  a different  MI)L  for  the  interfer- 
ence than  that  expected  for  a target  echo.  In  addition,  it  is  important  to  account  lor  the  fraction 
c.f  Ciine  the  receiver  is  subject  to  sueti  interfering  arrivals. 

An.-'lier  approach  has  bee  n to  average  the  power  in  the  interfering  arrivals  over  llu  e ntire 
ivb'  tanging  cycle.  This,  in  effect,  raises  the  average  power  level  of  the  background  over  the 
echo  cycle,  and  raises  the  average  MDL.  The  shift  in  MDI.  was  then  interpreted  as  the  number 


bin  - 1 • 1 1 . 1 1-  ..t  e 1 v.  1 1 ' I * re  1 * llu-  ...  .111  .'1  rbir,  arc  vi  rliiai  1 y :o.tpo  r mip.- . »'d  . , . - ■ 1 1 1 tu  ri  t r.  1 ur.i.n 

for  ' 1 1’ I 1 • * ■ Ot  ip  «oi..i  f . . 

W . lUn\vi.,  itui  M.  i< . Ko-loH.  "S«-ll  iikI  M’ltn.il  Inlr  rl*  n in  > m (ft*  M r.  >,*•**,«  '}  I *!•<  .\  lo-i 
t !*.»■.  . ■ • Moflr  : , " i KAC.UK  i’ortiiui  lit  M» - l 5S -< ’,( H <' v ) ( .*•!»  J til y i 'Mi  T ) ( t ,» »i,  1 i»i« nl i ,t  i j 

i . i»  . Ivj  ’oil,  fl.  M.  Iii'i.'wn,  J . J.  Dow,  »n«l  M.  G.  Il.n'f,  "Simul.tiiu;,  :ln  ) *AJ  K A » J : . » it  . . 
hi  c,  . mi  1 1n  I'rc;  fni  < of  Mntual  1 i»t  r I • rom  t>,"  THACOK  l.>*»cuin»»  nt  (-7  - 'M  r> -C  (.!*•>  ».’•  t. 

( ’ * • n f m 1 • * 1 1 1 1 ) . 

\f.  H,  (inll.itl,  " I V rfo  r in.un  •*  D» i«»n  of  A N /.SQS-£f>(  • X)  Son.tjo.  t»y  lnlrr*-hij>  Af  it  Jr- 
(•  r<i  1 1 ni«,’  III  AfiOK  Dot  lunnit  f»8-  i 1 0 -( * ( I f>  F»*b#  I'lfH)  (<  < *nl  tfh’nt  i.il) . 


! 


1 


UNCLASSIFIED 


UNI'  LASSIFIKD 


MiUlA:  IN']  lRl't.l;  i.NCI.  1-.  FEi  IS  ON  1JF  I KC  1 K’N 


473 


of  decibels  01  periorinance  degradation  and  used  (.iieetly  to  estimate  degradation  in  uetection 
range. 


Allium  th  a relationship  Ikm  ween  detention  ratine  degradation  an  i mutual  mu-i  id  em  e was 
aiso  determined  in  the  papi  rs  referred  to  above  (Kefs,  1-3),  I’.,  sc  won;:;  also  di  inoii.-.ij  ated 
tin:!  tins  r«  lationship  alone  was  not  suflieient  to  de.se r die  the  iota!  effect  el  mtei  leirnee  upon 
the  sonar  performance  parameters.  For  example,  the  approach  described  in  tins  paper  shows 
that  there  is  a performance  degradation  at  all  sonar  ranges  in  addition  to  the  detection  rani-'e 
degradation.  The  present  approach  also  predicts  a more  accurate  value  for  detection  range 
degradation  than  the  increased  MDL  method  because  the  latter  totally  disregards  the  interac- 
tion of  the  processor  and  the  interfering  pulses. 

ANALYSIS  OF  MUTUAL,  INTERFERENCE  DEGRADATION 

interference  signals  capable  of  marking  or  blanking  the  display  can  prevent  some  portion 
ol  the  display  from  intlieating  a target  that  would  olherwi.se  be  discernible  to  the  operator. 

This  reduces  the  search  coverage  of  (ho  sonar  by  reducing  the  probability  that  an  observer 
will  call  a contact  for  the  portion  of  the  display  in  interference.  The  analysis  described  here 
is  aimed  at  determining  the  average  amount  of  display  which  is  unavailable  to  the  operator  per 
display  sweep  and  relating  this  average  to  the  expected  probability  that  a given  target  echo  will 
mark  the  display.  Since  the  probability  of  detection  is  closely  related  to  the  probability  that  a 
target  echo  will  mark  the  display,  a degradation  in  detection  performance  could  be  determined 
if  the  above  mentioned  relationship  were  known. 

The  probability  ol  detection,  as  usually  quoted,  involves  the  average  signal-plus-noisr  sta- 
tistics and  the  time  betwi  on  independent  decision  opportunities.  It  therefore  represents  the 
average  performance  over  many  specific  conditions.  In  the  same  way.  each  display  sweep  in- 
volves a specific  mutual  interference  pattern  which  varies  from  one  display  swoop  to  another 
if  the  sonar  repetition  rates  are  not  identical  or  if  the  interfering  sonar  systems  maneuver 
relative  to  the  receiving  system.  The  assessment  of  mutual  interference  should  therefore  in- 
volve the  average  over  t lie  mutual  interference  ensemble. 

Ttie  numerical  value  assigned  to  the  mutual  interference  caused  in  one  sonar  system  by 
other  systems  is  v,  the  average  fraction  of  the  display  which  becomes  unavailable  to  the  op- 
erator. A computation  of  <j  would  be  carried  out  as  follows: 

1.  Determine  Ihe  interfering  level,  relative  to  normal  background  level,  at  the  input  to  the 
processor  after  accounting  for  propagation  loss,  directivity  index,  and  input  filters.  This  must 
1.x?  done  for  each  preformed  beam*  in  the  sonar  suffering  interference. 

2.  Determine  Ihe  response  of  the  processor  to  the  interference  for  each  preformed  beam. 

3.  Determine  (he  length  of  time  the  interfering  waveform  will  mark  or  blank  the  display 
for  f.irh  preformed  beam.  This  time,  converted  to  display  range,  will  be  referred  to  as 

A It  lu  ugh  there  is  a specific  value  of  A for  each  preformed  beam,  it  is  convenient  to  integrate 
ov.  r a'.invjth  immediately.  The  result  of  this  integration  is  an  average  which  is  the  av- 
erage range  deleted  from  the  useful  display  in  the  nth  ping  cycle  by  the  nth  inlert°rii.g  arrival. 
Th  product  of  and  Ihe  number  of  resolvable  imams  is  the  average  area  of  the  display  (in 
hearing  \ range  uiuts)  mane  unavailable  by  the  mth  interfering  arrival.  Tins  approach  is  con- 
venient since  mutual  interference  signals  are  usually  of  such  a high  level  that  they  mark  all 
beams  except  those  pointed  directly  at  the  interfering  source  in  approximately  tiic  same 
manner. 


I)rtrt  fmti  r.tn^r  r.  Icvk  to  th.it  ran^i  it  which  the  probability  of  detection  is  oxperled  to  he  it 
ie.i«d  Mittb’r  a .p«  rifieii  {also  rale. 

^ I ii  ,i  - t inning  system  a more  appropriate  term  would  be  ’each  resolvable  beam." 
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4.  Compute  the  value  oi  ■.  u<  i li/ing  ' frmii  ('■).  Tim  S jii.  oi  nil  the  ....  over  many  niut', 

< v.Tcs  i.aiJi-J  l>y  the  number  of  [.'in;;  cycles  yields  the  aver:-  ;e  value  ior  I he  .vepmuc  ( . Fig- 
ure  1 illustrates  this  procedure  lor  a Plan  Position  Indicator  (PP1)  uisplay  over  a typical  lour- 
pi up  oiquence.  The  shaded  annuli  represent  those  portions  of  the  display  range  sweep  in  which 
the  processor  output  of  the  interferinj;  signals  exceeded  a threshold  and  marked  the  display. 
The  interference  marking  is  shown  as  an  annulus  of  width  oecause,  as  was  stated  previ- 
ously, interference  levels  are,  generally,  high  in  all  receive  beams,  regardless  of  azimuth. 

The  average  value  of  ' over  this  sequence  is  given  by 


N , M 


A J-V  A 

N 


(1) 


The  are  the  individual  annuli  of  interference  marking  where  the  index  n refers  to  ping 
number  and  the  index  m refers  to  the  mtii  interfering,  arrival  in  the  display,  of  the  nth  ping 
cycle.  For  example,  in  Fig.  2,  n - i.  ...  N where  N 4 and  m l.  M where  m for  each 
display  may  be  different  and  is  the  number  of  arrivals  in  the  nth  display. 

If  \ is  now  divided  by  the  total  display  range  available  for  detection,  the  average  fraction 
of  the  display  lost  per  sweep  is  obtained.  This  fraction,  v,  is 


Fig.  1.  I 'PI  ffi.spiay  illustrating  the  roni|)iil  at  ion 
of  A*  thr  average  value  of  A per  ping  cycle 
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II  il  is  assumed  tl;..l  111*'  will  occur  al  alt  display  positions  With  ('final  likelihood.  th*  n 
: nun  also  In-  uili'i  pretoil  as  tin-  probability  llial  a p.irtuul.ir  poml  on  the  display  ho  obscured 
liy  inlei  h'O'iH'o  in  .i  guru  |iiui;  lyric. 


DERIVATION  OK  , , THE  AVER AC.E  FRACTION  OF  THE  1)1*1’ LAY 
UNAVAILABLE  TO  THE  Ol’EKATOK 

A sonar  display  sweeps  in  display  range  from  the  minimum  range,  i , , to  Hie  maximum 
range,  r,,.  Tiie  beginning  of  the  display  sweep,  is  nearly  r.c ro  range  tor  non-galed  dis- 
plays, and  is  the  beginning  of  the  display  zone  for  a gated  display.  The  maximum  display  range 
is  > The  useful  range  of  a sonar  display  sweep  is  defined  to  he  that  portion  of  toe  display  in 
which  a target  may  mark  the  display  with  0.5  probability  or  greater  (i.e.,  the  range  nil*  real  ,n 
which  the  target  echo  signal  excess  is  greater  than  or  equal  to  zero).  The  range  at  width  I lie 
targe!  level  curve  goes  below  the  MDL  (the  threshold  for  0.5  probability  of  marking  the  dis- 
play) is  designated  i ,,  the  maximum  useful  display  range  (see  Fig.  ?,).  if  the  example  in  fig,  2 
had  represented  a gated  display,  (he  interval  of  useful  range  would  lie  (r2  - r ,),  i , being  the 
range  at  which  the  gated  display  is  turned  on  provided  the  signal  excess  exceeds  zero  at  this 
range.  Hence  the  useful  display  range  will  be  given  by  either  (r  2 - i ,)  or  r , depending  upon 
the  display  mode. 

The  first  step  in  calculating  the  mutual  interference  into  a sonar  system  is  to  ueleiinint 
the  interference  contribution  of  each  offending  sonar  system  into  another.  The  next  step  is  to 
combine  the  interference  contributions  of  these  systems  to  find  the  total  interference  for 
mufti -system  cases.  The  remarks  are  appropriate  whether  two  systems  on  the  same  snip  are 
considered  or  whether  two  systems  on  different  ships  are  considered. 
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Figure  2 in  .1  mmlilied  version  o(  :i  lypua!  snnir  performance  curve  a Nil  is  needed  Uj  lifus- 
ti.ili'  'lu'  derivation  of  -r . For  Fi;'..  2 (ho  one-way  lunar  equation  tm  !!  •’  in'orfi’i  ing  transmis- 
sion has  been  us-d  to  determine  Iho  interfering  level  at  the  processor  input.  11  is  plotted  as  a , 

luiu'ti'.ui  of  interfering  sonar  separatum.  , 

riu  target  echo  level  is  shown  plotted  as  a function  of  fardel  ran  •<>.  Ttie  rove; ix-  atioi. 
lovi  I,  ttie  noise  level,  and  the  minimum  detection  level  are  shown  as  a fimrl'o/i  of  display  ran.e.  t 

In  this  diagram,  range  means  either  range  on  the  display  or  tar  pet  range  for  all  the  plots  • - 

rept  one,  the  interfering  level  [dot.  The  interfering  level  plot  is  shown  as  a function  of  t mer- 
le ring  sonar  separation  from  the  receiving  ship.  It  is  clear  that  the  time  of  arrival  of  an  in- 
ti rft'rm  ; signal  is  not  related  to  this  separation.  In  fact,  if  the  inter  icring  ship  is  at  10  kyd, 
ilii  interference  level  is  represented  by  a line  parallel  to  the  range  axis  through  the  10  kyd 
point  on  lia  interfering  level  plot.  The  interfering  transmissions  arc  shown  in  four  positions 
during  the  display,  denoted  by  the  crosshatched  regions  (A),  (B),  (C),  and  (D).  The  logarithmic 
range  scale  causes  equal  durations  of  interference  to  appear  shorter  at  longer  ranges. 

The  basic  assumption  ..i  the  derivation  of  t is  that  the  arrival  time  of  an  interfering  pulse 
(■>1  its  display  range  equivalent)  is  a uniformly  distributed  random  variable.  ’ For  this  as-  . 

sumption,  the  interfering  pulse  may  arrive  at  any  time  ill  the  display  sweep  with  equal  likeli- 
hood, thus  modeling  a situation  where  the  transmit  time  of  an  interfering  sonar  and  the  inm  at  I 

vouch  a receiving  sonar  initiates  its  display  sweep  are  statistically  independent.  Further  as- 
sume that  only  one  interfering  pulse  will  arrive  during  each  useful  display  sweep  interval,  I in 
1 is;.  2 the  shaded  rectangles  at  positions  (A),  (13),  (C‘),  and  (D)  represent  four  possible  arrival 
times  ot  an  interfering  pulse  into  the  display.  Any  one  of  these  four  arrival  positions  arc  as- 
sumed equally  likely  to  occur.  The  range  equivalent  of  the  interfering  pulse  length  at  ihr  out- 
put of  the  processor  is  denoted  by  A,  the  amount  of  display  range  the  interfering  pulse  m‘a> 
mark  or  blank. 

The  interference  produced  by  a single  interfering  arrival  averaged  over  the  distribution  of 
arrival  times  is  required  in  the  estimation  of  A.  If  any  portion  of  the  interfering  pulse  lies  in 
the  useful  display  range,  it  is  considered  to  be  an  interfering  arrival.  This  mean:,  that  even 
though  an  interfering  pulse  arrives  before  the  display  sweep  begins,  the  trailing  edge  of  the 
pulse  may  fall  within  the  useful  sweep  range.  Similarly,  the  leading  edge  but  not  the  trailing 
edge  of  the  pulse  could  fall  within  the  useful  sweep  range  (e.g.,  the  pulse  shown  in  position  (D) 
of  Fig.  2,  lying  across  the  range  r2). 

Based  on  the  above  assumptions,  the  density  function  \ ( rt  describing  the  disU  ibution  of 
display  ranges  at  which  the  trailing  edge  of  an  interfering  arrival  may  fall  is  simply 


where  i,  ’■  is  the  maximum  useful  display  range  and  A is  the  same  quantity  described  previ- 
ously, ;.e.,  the  maximum  amount  of  display  range  in  interference  in  a particular  bearing  caused 


i !..•  . \ n pi.  M.  Fie.  .!  shows  a I'/picxI  .irriv.it  !*-v,  1 behavior  fust  hoMom,  -if  !<■  ion.  e! 

j,i  » «•»,*  ii.ii  I ,ii  riv.il)  tfi'm  .i  shift  ,i  t ) i)  U yd  t r/ms  m 1 tti  nj»  .1  I - m • . s 1 l n.i ) . A f]  1 1 1 t.j  ♦ r 1 \ • » ■ 

I ■ v « • I p!  if  tin  l l»i*  made  iV.r  • ■uch  typo  of  intcrforcnrc. 

* 1 hr-  1 - 1 ! il  .1  •-  . impl  ion  for  1 1 1«  • rit.if  in  which  two  snnir  h.t.**  I'fl-  r**ul  t i*.m  -n  . - - 

1 «* r»  [ir  rin<l>  or  wli'-rr  ships  man*  uvor  r»* lat.ivo  to  »*.ich  otlu  r.  In  tln**^  in  lain  - a,  «-v  r 1 !«»np 
I > • -i*i.»d  '•!  *im»  . 1 nt «•  1* f«* r int;  transmission*  should  h.'ivr  arrived  al  riJl  pnrlmns  o S fh<*  s *’is- 

p*  iv  with  •*'jii,I  I *'•  ■<  j>  n m y. 

ill..'  j>«  1 - 1 1 » 1 1 1 • y th.it  «■  1 1 ii«  r none  or  morr  than  on  * ini *•;»*•  ri up  puNt  tan  arrive  01  f;>  dM”  ai 
di'.play  Ml?#-  r\  «|  1 is  -iv*  ot:rii»»ci  for  l.i.hi*  in  l^q*.  (9)  and  ( i 4>) . 

\ Th*  iii.r.iiuiim  useful  display  ranyt*,  i?,  is  used  in  this  d«  vr  lopinc  nt  ratio*  r ih.in  * ,t . Inc  n*i\- 
1 1 nnm  <ii '.pla  y ranip  , .-iuc"  by  definition  ta  rp.ct  dctcc  l ion  mthc  mlrval  »■  p j ■'  > i • sit  <! : 

thus,  in  tin*  "useful  display  rurqo*"  scnsi.*,  (r^.r.i)  equivalent  to  an  interval  ol  flr.nl  I'lin  in 

* I > ■ t raifiir.i  ; ion  period  and  Iho  rr  fore  cont  r ibulo  h nothing  hi  the  fraction  of  useful  display  in 
f nt  **  r ft*  rora  « . 
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hv  a particular  interfering  transmission.  In  Fig.  2,  ■'  is  equal  to  tin-  range  equivalent  u!  inter- 
fering pulse  length. 

In  I'ig.  2 il  will  ho  uutcit  that  i , is  the  value  of  display  range  whr  re  it  is  first  p*i«Mhle  for 
the  traiiuv.  edge  ol  the  interfering  pulse  to  mark.  It  is  at  this  range  wits  re  the  i uteri'*  ring  ai  - 
rival  lirsl  exceeds  the  marking  level.  At  ranges  less  than  . , too  entire  ie.l . rh  rmg  .n'lse  i-vcl 
is  la-lo-v  the  MDL  anti  therefore  will  not  mark  the  display  (position  A)  (There  is  a nilferc;  ! 
value  n(  i , il  the  arrival  Ida  me;  rather  than  marks  the  display.  The  word  blank  can  be  ' ib.Mi- 
luteu  for  mark  in  tiie  following  discussion  if  the  appropriate  i , is  used  ) When  the  rang*'  of 
the  trailing  edge  of  the  interfering  pulse  becomes  greater  than  r ,,  it  can  mark  the  display 
(position  B).  As  the  range  of  the  trailing  edge  of  the  interfering  arrival  increases  with  respect 
to  i ,,  the  amount  of  display  which  can  be  marked  will  increase  linearly  with  slope  < tie,  until 
the  display  range  of  the  trailing  edge  is  r,  * A.  At  this  point  the  entire  interfering  pulse 
length,  ' . is  in  a position  to  mark  the  display.  If  At  r ) represents  the  marked  display  range 
when  the  trailing  edge  of  the  arrival  is  at  r,  then  " ( r , rises  linearly  from  zero  to  When 

fiie  riuure  to  tiie  trailing  edge  of  the  interfering  pulse  is  between  < , * and  r , (position  C), 
the  maximum  amount  of  display  that  can  be  marked  is  For  range!;  between  > .•  and  i , • 
(position  D),  the  amount  ‘ tr  i of  useful  display  that  can  be  marked  decreases  linearly  from 
to  zero.  There  may  be  some  portion  of  the  display  in  excess  of  i , that  is  marked  but  this 
marking  is  not  considered  interference  because  it  is  assumed  no  detections  can  be  made  at 
ranges  beyond  i 2;  therefore,  this  region  is  not  included  in  the  interference  calculation. 

Thus,  the  amount  of  the  display  that  will  be  marked  (or  blanked)  for  all  possible  display 
ranges  at  which  the  trailing  edge  of  the  interfering  pulse  may  arrive,  is  given  by  Eq.  (4):' 


A ( M < 
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-r  » ( r,  * A) 
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r , a r u r + A 
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r,  i i < r,  ( A 


A g r 


(4) 


This  function  is  plotted  in  Fig.  3. 
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■\  Fig.  3.  Thr  amount  of  us-l-,1  display 

marked  versus  arrival  range  ol  trail- 

f irig  edge  of  interfering  pulse 
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*/  r ),  givi  n !>y  Kq,  (•!),  is  for  an  interfering  pulse  with  a r»-' tangulnr  i nvi  lopr 
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Tlu'  tnlri  v.il  nf  display  range  that  will  ho  marked  (or  blank*  d),  averaged  over  tb  possible 
display  ranges  at  winch  the  trailing  edge  oi  the  interfering  ;:l;e  may  :u  rive  is  dcnnicd 
Tins  is  Uio  expectation  of  , . i i lor  the  lioani  number  1.  The  density  function  dose rilling  i 
was  given  in  Eq.  (3)  and  , is  given  by 


I 


( 


(5) 


With  the  description  of  , , r , given  in  Eq.  (4),  this  integral  becomes 


This  value  of  ' , was  obtained  for  a single  beam  A value  of  . must  also  be  obtained  for 
each  of  the  other  beams;  t is  usually  found  to  be  almost  independent  of  bearing  except  for 
three  or  four  beams  nearest  to  the  azimuth  of  the  incoming  interference.  The  average  of  , 
across  all  beams  gives  ‘ , the  average  amount  of  the  display  marked  (or  blanked)  per  beam  for 
the  interfering  signal.  The  expression  for  ' is 


In  Eq.  (7),  i.  is  the  number  of  preformed  receiving  beams.  Because  the  beams  fall  generally 
into  two  categories  of  interference  with  only  two  distinctly  different  values  of  '.t,  this  average 
is  usually  a trivial  computation:  very  often  .'  - ‘ , for  a beam  pointed  away  from  the  interfer- 
ing source. 

The  expectation  of  the  fraction  of  useful  display  marked  by  interference  per  interfering 
pulse,  of  length  h,  is  obtained  by  dividing  by  the  useful  range  (r,  - r,),  i.c  , 



( r2  - r,  ) (r2  * /'■)(  l 2 ~ r,  ) 

The  average  fraction  of  useful  display  marked  per  useful  display  sweep  is  obtained  by 
multiplying  Eq.  (8)  by  the  number  of  interfering  arrivals  of  length  expected  per  useful  dis- 
play sweep.  This  quantity  is  given  by 


where  r , is  the  maximum  useful  display  range  and  Rt  is  the  display  range  equivalent  : u <■ 
interfering  ship  transmission  period. 

The  resultant  expression  is  denoted  the  average  fraction  el  use  mi  display  • .a. ... 
blanked)  per  display  sweep  by  interfering  arrivals  of  length  : 


• i r,  ■ r ,,  i,  i,;  or  if  , , i .,  i_  i , ; and  if  the  dispia.  »:•  nuu-galeo,  . 

The  numerator  in  Eq.  (10),  i - : >,  : . is  simply  the  area  ui.d it  Urn  carve,  i . i 

Eq.  (4)  and  plotted  in  Fig.  3.  For  all  arbitrary  output  pulse  forms,  . ’rill  be  given  by 


, 1 «r,.l.  (ij; 

1 y«  .11 

’ 1-  jV,  <r;  - ' i)RI 

pi  ovideci  that  the  density  function  describing  i is  uniform.  In  this  expression  1 ii;  the  number 
of  preformed  receiving  beams,  (,,  ••  ,,)  is  the  useful  display  range,  and  ft,  is  the  display  ?•;, 
equivalent  of  the  interfering  ship  transmission  period. 

Although  Eq.  (10)  is  computed  for  a rectangular  output  pulse,  it  can  bo  shown  t hut  Eq.  (;o; 
is  a good  approximation  lor  t , regardless  of  output  pulse  form,  ii  . * _.  . , ( ' and  . 

The  greatest  relative  error  is  introduced  by  this  approximation  when  i . i,  . - ' ; Imvov.  1 . 
cases  of  this  type  result  in  small  values  for  and  the  absolute  error  introduced  is  ncgli  r: i >!• 

The  above  conditions  are  generally  satisfied  by  direct  and  specular  inter  ter  tr.g  arriv  am, 
bu!  not  by  rumble  arrivals.  For  rumble  ' - m and  normally  ' ■ ii,  i,  i.  therefore, 

(unction  ( r ) needs  to  lie  determined.  This  can  be  done  quite  simply  using  graphical  tea.- 
i iques  in  conjunction  with  a performance  curve,  such  as  Fig.  2.  The  subsequent  integration  . ; 
Eq.  (11)  can  be  easily  accomplished  with  numerical  methods  to  determine  . 

The  value  of  « is  computed  differently  for  interfering  pulses  that  blank,  but  tin  expi  as.- 
for  I , Eq.  (10),  remains  the  same.  For  blanking,  a different  value  of  i , is  required.  1 o ■ t. 
iermino  r,  for  blanking,  one  locates  the  display  range  at  which  the  interfering  pulse  h.v  1 oh. 
the  recognition  differential  is  equal  to  the  target  level  (see  r , for  blanking  on  Fig.  ?■).  t-'.r 
display  ranges  greater  than  i , lor  blanking,  the  interfering  pulse  will  l (*ciliv.  . ‘.Ml.,  i l’|i  M.1 1 : , 

to  -background  ratio  of  a simultaneously  arriving  target  echo  below  the  minimum  lev r 1 m.  o - 
s.u-y  for  0.5  piobability  of  marking.  This  statement  applies  to  syst-> ns  that  nave  1 ecu  tc  v 
i.'ca  by  clipping- 

In  addition  to  being  the  measure  of  the  fraction  of  useful  display  lost  in  iiiiet  h rctu  t p<  i 
useful  display  sweep,  :■  may  also  be  thought  of  as  the  probability  !i,a>.  a pa  - tirui  >r  p .i  b -i  • t. 
tiispiqy  will  be  marked  or  blanked  in  each  display  sweep.  In  ru-dm-  i preseo.v  >;•  ,,ai  a. 
at  • ■>  ranges,  it  is  important  that  the  position  of  interference  ‘‘walk  c. rough"  tin  . i : . , . ; . ..  . 

. . ,avnce  ot  pings  to  assure  a uniform  distribution  of  iuterfarouce  posb  ...us. 

<!  !.  necessary  to  make  use  of  the  probabilistic  inierpri  taii.  :.  . ! - t< . be',  . . • i.. 
lute  ieiencc  from  interim  mg  pulses  arriving  from  the  : mi  , dir,  ■ • • 

and  rumole  arrivals,  and  for  interfering  pulses  arriving  from  chib  u ns  ronnr  sy;:  ..... 

tb.c  total  interferont  e into  '•  he  i lb  system  shall  la  derated  \ T;e  total  Ir-’*  . io: 
the  i ill  "•ystem  from  tlic  (th  system  shall  be  denoted  , whom 
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and  k I i M corn  sponds  to  Hired,  specular,  second  order  specular,  * uiuf.lo.  :.un  so 
•wi  ,tt  ml- Tin  ing  pulses  arriving  .it  Hie  itli  system  from  the  , th  Kyiltir.,  and  , , is  the  ; 
computed  lur  .1  part ieular  type  of  arrival.  Tiie  .••,  |k  are  summed  because  most  generally  they 
measure  mutually  exclusive  events. 

Vlie  lut.i!  intcrlorencc  into  the  ,th  system  rt  as  a result  of  all  the  . , ,‘s  is  given  by 

N 

■"i  1 n (»  t-.,)  ■ (i3) 

i i 
i * * 

because  the  r,  ,’s  measure  independent  events.  Each  of  the  (l  ■ t,  ,)  tactors  is  'he  probability 
that  a poin!  on  the  ith  system's  display  is  not  in  interference  caused  by  an  arrival  from  the  tth 
system.  The  product  of  all  (he  (l  - <j. , ; ) factors  is  the  probability  (fiat  a particular  point  on  the 
ith  system's  display  is  not  in  interference  caused  by  any  of  the  other  systems. 

Thus,  the  total  interference  into  the  ith  system  an  a result  of  ail  inlorfeiing  signals  irom 
ail  of  the  other  (N  - l)  systems  being  considered  is  given  by 


1>.  1 * H “ X . v j (Ml 


The  procedure  which  has  been  outlined  seems  rather  complex  lo  instrument  but  it  nas  been 
the  basis  of  mutual  interference  studies  in  which  the  interfering  arrival  structures  from  a 
mrnbi  r of  '.hips  were  developed  in  a digital  computer.  Signals,  background,  and  interference 
marks  were  placed  on  the  display  to  estimate  observer  degradation  in  the  presence  of  mutual 
interference.  The  first  results  indicate  the  attractiveness  of  t,  as  a parameter  for  specifying 
I lie  effects  of  mutual  interference.  When  the  interference  is  of  the  blanking  variety,  seems 
to  be  adequate. 

There  is  some  evidence,  however,  that  the  predicted  t,  ,v  are  a little  small  to  account  for 
observer  performance  when  the  interference  marks  the  display. 


PERFORMANCE  DEGRADATION 

There  are  several  methods  by  which  one  may  assess  the  performance  degradation  based 
upon  r , : 

1.  The  factor  t,  itscLf  represents  the  average  fraction  of  the  display  not  available  to  the 
operator,  ft  is  therefore  a satisfactory  indication  of  the  severity  of  mutual  interference. 

When  one  utilizes  v,  as  a measure  of  interference,  careful  iiuerpre'ation  is  necessary, 
In  cause  is  a time  average  over  many  events.  Therefore,  <o,  can  give  no  deterministic  or 
ii>'  limtanoo'js  iniorm.ition  unless  additional  conditions  are  known.  For  example,  there  may  in- 
a ) citation  where  in  I wo  out  of  three  ping  cycles  no  interference  is  observed,  while  3o  pec  in 
of  the  display  is  marked  by  interference  in  the  third  ping  cycle,  for  this  example  • , i.-  0.  id, 
m.  the  value  ot  c,  gives  no  information  regarding  ping-to-ping  fluctuation  of  interference  nor 
ile  number  of  ping:-;  displaying  interference  sequentially. 

'<!.  Wneii  averaged  over  many  pings,  v,  can  bo  interpreted  as  the  Irai.ion  ot  too:  >•  , - 

whir n is  unavailable  lo  tin;  operator.  If  l is  the  time  required  lo  achieve  detection  o. 
ineseace  of  interference  (when  a fraction  ip  of  the  clock  time  or  the  ping  cycles  is  u.;a  a lam  •) 
and  i,  is  b«;  time  required  to  aehievc  detection  without  interference,  it  is  expected  mat  r i an 
lie  no  less  Ilian 
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The  ratio  ■ ! I l . is  tin  average  lactor  liy  which  iibscrvatiun  time  must  at*  increased  to  main- 
tain  pertoi  niaucc  at  the  ousel  of  mutual  interference.  This  ratio  is  t < 1 - i , ). 

3.  A lower  limit  to  mutual  interference  expressed  in  equivalent  input  signai-to-iioise  ratio 
•an  he  approximated  in  decibels  by 


- 5 I *'U  < 1 - <1  , ) 


(16) 


This  expression  gives  the  change  in  input  signai-tn-noise  ratio  wh'eh  is  usually  associated  with 
increased  display  integration  time  liy  a factor  l i„.  In  this  case  ('.  ■■•:<')  is  the  fractional  loss 
in  die  play  integration  time.  Increasing  input  signal-to-noiso  ratio  by  -s  lor  l approxi- 
mately restores  the  effective  output  signal-lo-noise  ratio  to  its  pro -inlerici  once  value.  It  must 
lie  remembered  that  this  degradation  would  tie  a good  approximation  only  if  the  mutual  interfer- 
ence did  not  prevent  effective  use  of  the  display  as  an  integrator,  a subject  still  under  investi- 
gation. 

•t.  Change  in  the  probability  that  a target  mark  can  be  observed  as  a result  of  mutual 
interference  is  also  a suitable  measure  of  performance  degradation.  If  r represents  the 
probability  that  a target  mark  is  made  without  interference,  then,  since  c,  is  the  average 
fraction  of  ‘he  display  unavailable  to  the  operator,  the  probability  y that  a target  can  be  ob- 
served in  Ike  presence  of  mutual  interference  is 

0 I’t  1 - di, ) . <17) 

White  these  four  methods  of  designating  the  extent  of  mutual  interference  are  to *t  exact 
equivalents,  they  are  related.  The  last  of  the  four  methods  is  by  far  the  most  attractive  be- 
i ,.n>.-.c  it  relates  quite  nicely  the  statistical  nature  of  n>,  to  the  probability  that  a target  echo 
will  produc  an  observable  mark  on  the  display.  Since  probability  of  detection  must  be  rotated 
la  the  probability  that  a target  echo  mark  may  be  otiserved,  it  may  tie  possible  to  relate  , , to 
the  probability  of  detection  whenever  the  detection  criterion  for  a particular  display  is  well 
enough  spot  tiled. 

The  discussions  thus  far  concerning  the  derivation  of  and  subsequent  use  of  t,  to  me. •.•wo 
Ike  osrforniance  degradation  in  a sonar  system  due  to  mutual  interference  have  been  limited  to 
actin'  systems.  Everything  that  has  been  said,  however,  is  applicable  to  passive  systems  Willi 
slight  modi  fie  at  ions. 

For  example,  method  (2),  which  assesses  performance  degradation  in  terms  of  a loss  of 
obse.  er  integration  time,  is  particularly  applicable  to  passive  bearing -time-recorder  (H  i H) 
dtspl  i,s.  In  this  case  v,  would  represent  the  average  fraction  of  integration  time  lost  in  m- 
u i f,  , once  rather  than  display  range  lost  in  interference. 
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The  superiority  of  the  v calculation  over  the  other  methods  referred  t"  carlo  r for 
ur’tr.;  the  , extent  of  mutual  interference  into  a sonar  system  manifests  ilselt  in  the  following 
ways: 

t.  Tiie  i calc  illation  considers  veiy  explicitly  the  elfect  of  prnee.ssoi  ,,ain  ■>,.  mb  (,  : in.; 
signal.-,  and  thou  then  extent  of  display  marking.  This  approach  takes  into  account  peels 

ol  processor  performance  (e.g..  clipping,  over-averaging,  and  so  on  of  interfering  s’.gnal.sj 
witi:  the  net  effect  that  the  predicted  overall  effect  of  interference  may  be  reduced. 
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?.  The  .statistical  nature  of  <p,  i.e.,  that  <p  is  an  expectation  which  may  be  interpreted  as  a 
probability  measure  for  a Bernoulli  process,  in  which  one  consideis  .vh  :‘.h«'r  a particular  point 
op  the  display  will  be  lost  due  to  interference,  allows  the  computation  of  n composite  <p  for  one 
system  as  a result  of  interfering  transmissions  irom  several  other  systems. 

3.  The  q calculation  is  readily  implemented  for  computation  with  a digital  computer  for 
any  configuration  of  interfering  systems  and  ship  geometry. 

1.  The  assessment  of  performance  degradation  can  be  expressed  (a)  directly  in  terms 
of  p,  (b)  in  terms  of  increased  display  integration  time  to  restore  performance  to  the  pre- 
interference  level,  (c)  approximately  in  terms  of  equivalent  increase  in  input  signal-to-noise 
ratio  to  restore  performance  to  preinterference  levels,  and  (d)  in  terms  of  degradation  of  the 
probability  that  an  observable  mark  will  appear  on  the  display. 
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